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Figure 1: Free Electrror laser Uscillator Zcrfifurat:~-
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Table 2: Single Electron Equations cf Motion
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resonance (v = 0), im given by the product of the optical wavelength Ay and N, the nurter
of periods of the static magnetic field in the length L of the undulator. Hence, one sees
directly that the electrons slip back a distance s relative to a point on the optical field
envelope.

The uethod of solution of the model is as follows: The electron number density p is
taken to be mspecified on a discrete numerical mesh. The mesh eize is supposed to be larze
cocpared to an optical wavelength but small compared to the length over which p charnges
anpreciably. On a microscopic scale the electrone are initially distributed ealone =
monoenergetic line in (y, £) phase space but uniformly distributed in £. The interacticn
of course changes this distribution, and a different set of eimultion electrons is fcllowed
dynarically for each different number-density bin of the numerical mesh. Due to the fact
that the electron pulse slips with respect to the optical pul=e, the simulation electrons
of a particular number-density bin will be driven by several different eleciric field
amplitudes and phases during one traneit through the undulator. Yimilarly, the driving
current for a particular point in the opticel envelope will chanpge Aas many different
r.ucber-density bins slip by that point.

We shall look for stemdy state solutions starting from an initial low amplitude coherent
ortical pulse. That is, we do not attempt here to calculate the tuilld-ur of inccherernt
radiation in the optical cavity starting from spontmneous emission. PRather, we assure *ra*
tre arplification process has led to a coherent but low amplitude ortical pulse, ard we
follow ita evolution fror that pcint to steady-state. The steady-state solution does n:-*
derend on the detiils of the =starting point of the calculation. Heowever, thre pro~eiure
followed here is directly apylicahle to a number of proposed oscillator exjaricents whinv
will begin by injecting a coherent pulse {(produced by mnother laser) intc the FZT, ortionl
cavity.

The typical evolutior of the total optical pulse energy from small-cipnel conditione =+
steady-atate is shown in Figure 2. 1In this case, stemdy-state ie reached afier atout 070

passea. The desynechronism parameter A = §[/a where the cavity lensth g L. + &L, a=?
8L ¢ O correcronds to A cherter cavity., For this case @ was relatively larre ani nepacive,
ard the pulse envelope at steady-ctete is shown In Figure 3. Mne aees B ra*her l-w

intensity pulese that is broml in z. The inten<ity abruptly terzinates on the ripht riie
because the "window" of the calerulation includes only optical fields which car. overlar ceorne
of the electron density: that .s, the lipght w0 the rifcsht of the 1mant plotted peint in
Fifure % would never intercert any . _otronz and thus would see only the cavity l1nrrer,
Tre mactunl intensity would trerefcre diminiah expongp%in!]y fror the lart rlotted print -7
Fipure 2 at n rate determined ty the cavity loeses.” The rpectirum of thic pulre showr ir
Figure 4 is ma narrow Bulke peaked at the wavelength of maxirum small-eipnnl puin.

1f one reducee the marritude of the deuynchreniam parameter d (phyeically ty nifastinre
6 1), one can find the type of opticn) pulse energy evolutinn chown in Fipure . Inr*end cf
renching a fixed stemsdy-ctate, the pulse's energy exhibits limit cycle behavior. In thirs
carr, one fiauds that the pulse ghape a2volves as n function of the nurmter cof parenr throurh
the undulator from a high energy minfle-peaked atr» ture to a lower enerey doul le-penked
one and then back to the ningie-penked form, ams show. in Figure 6.

If one adjuats the cavity lenpth change &L, or demynchroniem d, tc very amall tut
nefgative valuen, the ntatle pulee energy I8 At {tr maximum value. However, as phowr in
Fifure 7, for our specific cheolce of parnmeter values, A very complicated pulre envelc:e
cnan develop. 'The degree of complexity nf the r~tepdy-ntate pulae envelepe aremn $t0 te
correlated with iacrenning values of the clectron current. Thnt in, smalier currentn lend
to simpler atendy-ntnte pulae profilen, The complex rhape phown 1in Figure 7 han n
correspondingly trond Fourier opectrum. Note that the fipure correnponds to the "long”
pulre cnre (A1 « 4a); the shorter pulre cnne renches a Romewhrt pinfler shnpe.

The resrultin of the pulme calculationn are aummarized in Fipure A, We find dqpynp rontnm
curven for, the wayered undulntor FEIL oncillator similar to that caleulated ¢ 7' ' and
obnerved’ '’ for the untapered Stanford cnner, Qunlitatively, the widihn of thene curven nre
narrovwer than for the Stanford cane, nand one noten from Figure B that the longer electiron
pulne (a4) hnr the wider tuning curve, an one intuitively expectn. The pulne rvolution in
¢nunitnt2vn]y different at different pointam along the tuning curven: At large nepntive
valuen of 4 (or L), a mmooth pulre, brond In time and narrow in Apectral width, in found.
At nmnller |68 ], n 1imit cyele behnavior ir found In which the opticnl pulne enerpey nntd
profile chanpe periodically with the pane number. At very amnlil l&c 1, maximum pulne onergy
in reached, but, for our paramatern, ve-y complicnted pulne phaper, with tempornlly nnrrow
fenturen, are pensrated. Thene pulaen are apectrally very brond.

In conclunion, our renultn mahow qualitativi rimilarity between the pulne behavior of an
coneiliator with A moderately tapered undulator and that of the untapered undulntor "tanford
vacilliator.  The renultn are alao in qualitative nereement with A previoun enleulntion on
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the tapered undulator.8 Desynchroniam curves exist 1in bYoth cases in that getatle laser
output is possible C..ly over a small range of cavity lengths which detune the FEL away frorc
exact synchronism. For large currents, as teken in our examples here, very ccrrlex pulse
shapes may be generated. The dependence of the results on various other parameters of tre
problem (such me the cavity loeses) 1o currently under investigation.
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